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I. INTRODUCTION

The objectives of this program as stated in the work statement
have been:

1. Evaluate the effectiveness and performance of the ''Inflataband"
restraint system as a viable method of protecting drivers and passengers
involved in the head-on automotive crash environment.

2. Evaluate the kinematic performance of the anthropometric
dummies and volunteer human subjects under simulated impact conditions
when restrained by the system mentioned above.

In any program involving the use of human volunteers, every
effort must be made to ensure the rights and welfare of the subject above
and beyond the successful completion of program objectives. To accomplish
the task, a test program was designed containing many essential features of
previous successful human volunteer programs.

The information contained in this final report describes the test
procedures and documents the findings. The text represents the chrono-
logical interval of February 21, 1975 to May 16, 1975 and summarizes
the results of 69 dynamic sled tests, including 30 dummy tests and 39
human tests.



II. SUMMARY AND CONCLUSIONS

The program was conducted to completion as planned without
major incident. In every test, the primary system functioned in a satis-
factory manner and displayed the essential characteristics required of
an effective restraint system. System activation and restraining forces
were accomplished with minimal expenditure of time. As witnessed by
the absence of significant trauma in the human volunteers, impact loads
were effectively distributed over the chest and abdomen. Occupant
kinematics were controlled by the system in such a manner that tendencies

to submarine were mlnlmal and the disnlacements of vulnerable 'hnrq\r
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elements were within the interior constraints of the vehicle 31mulated

Injuries to the human subjects consisted primarily of mild
erythema to the face and neck; at the higher impact severities, some
residual neck soreness was documented in the post-impact evaluation forms
completed by the volunteers. In terms of existing huwran tolerance criteria
{head severity index - HSI, chest severity index - CSI and head injury
criterion - HIC) and observed injury, the Inflataband ™ provided effective
occupant restraint in simulated head-on collisions for which the total
velocity change was equivalent to a2 30 mph barrier collision; however,
conditions were so precisely controlled that the results represent the best
possible situation which in reality may rarely exist. The influence of
such variables as occupant physical condition, age, size, pre-impact
position, muscle tone at impact, impact direction, etc. cannot be over-
emphasized. It must also be recognized that the system as tested was
purely a prototype and was not without operational problems as observed
during the program. To be a production item, modification will be required.

When comparing the results of dummy tests with the results of
human tests, the first notable discrepancy occurred in the kinematic
response to impact. Because of the presence of mmscle tone, the typical
human response to impact was more subdued than that of the dummy. The
test results (HSI, CSI, HIC, belt loads) for the low and intermediate 1impact
severities indicate that the anthropometric dummics' responses to impact
were conservative estimates of human response; however, at the higher
levels (31 mph/49.9 kph sled total a v), the dummy and human severity
indicators converged to similar values indicating a potential threshold
(for the system tested) above which muscle tone may not be as significant
as at the lower impact severities.



A, Program Plan

The program as conducted at SwRI was divided into three (3)
phases. The first phase consisted of the review of system testing results
with dummies conducted at NADC, Philadelphia and a design review of the
Inflataband TM, Prior to the first human test, all pressure components
were proof tested to 10,000 psi (7031 kgs/mm?2), Critical load carrying
components were tested to failure on tensile testing machines to document
strength characteristics. These initial efforts were followed by sled
tests for the purpose of gqualifying the system for human testing. Dummy
tests using three (3) dummy types (5th percentile female, 50th percentile
male, and 95th percentile male) were conducted at a nominal total velocity
change of 32.5 mph (52,3 kph) and peak sled deceleration of 20 g's. Test
results were carefully reviewed 1n order to ascertain potential hazards
znd operational problems.

The second phase was devoted to volunteer selection and indoctri-
nation. In order to satisfy the doctrine of informed consent, all medically
approved volunteers were given the opportunity to view the high speed film
of a representative dummy test and experience a dynamic test (with
deployment) at a nominal 8.5 mph (13.7 kph) sled velocity change.

The third phase, denoted as prodaction testing, incorporated the
stepped-severity technique in which human subjects are exposed to
increasingly severe impact environments. Beginning at 12.5 mph, (20.1
kph), tests were conducted at nine different impact severity levels, each
step being 2.5 mph (4.0 kph) greater in velocity change than the previous
step. Each test series contained five (5] tests; the first two tests were
conducted with anthropometric dummies followed by three (3) human tests.
A test summary is presented in Table 1.

B. Impact Simulator

The impact simulator utilized in the sled impact tests was an
impact/rebounding type, MTS Model 858,05 with modifications by SwRI.
Propulsion 1s provided by natural-rubber bungee cords, and the decel-
eration pulse 1s generated as the sled (traveling at a specified velocity)
impacts the pneumatic programmer. The impact of the sled compresses
a gas volume/s until the kinetic energy of the sled is absorbed. At this
point, the potential energy stored in the compressed gas volume/s is
relecased 1s the gas expands accelerating the sled on the rebound stroke.
After losing contact with the programmer, the sled is slowed by the



Test No. Date
837 2/21/75
840 3/6/75
841 3/7/75
842 3/10/75
843 3/11/75
845 3/12/75
851 3/13/75
852 3/13/75
853 3/14/75
854 3/14/75
856 3/17/75
857 3/18/75
858 3/19/75
859 3/19/75
860 3/20/75
861 3/20/75
862 3/21/175
563 3/24/75
364 3/25/75
865 3/25/75
3b6 3/26/75
867 3/27/75
868 3/31/75
871 4/1/75
872 4/1/75
881 4/4/75
882 4/4/75
884 4/7/75
886 4/8/75
887 4/8/75
895 4/9/75
897 4/10/75
898 4/10/75
300 4/11/75
901 4/11/75
906 4/14/75
908 4/15/75
209 4/15/75
913 4/17/75
914 4/17/75

'able 1

Summary of Test Runs

Qualification Test
Secondary Restraint Test
Qualification Test

Preliminary Test

Static Sled/Dynamic Deployment
Indoctrination Test

Qualification Test

Indoctrination Test

Production Test

Sled & v

mph (kph) Subject Remarks
32.4 (52.2) 50th ATD

30.6 (49.3) 95th ATD

32.6 (52.5) 50th ATD

32.6 (52.5) 50th ATD "
33.2 (53.5) 50th ATD "
34.1 (54.9) 5th ATD "
10.3 (16.6) 50th ATD

10.9 (17.5) 95th ATD "
00.0 (00.0) SwRI Staff

9.8 (15.8) No. 42

10.2 (16.4) No. 1 "
10.1 (16. 3) No. 16 "
9.9 (15.9) No. 40 i
9.9 (15.9) No. 21 "
10.1 (16.3) No. 24 "
32.6 (52.5) 50th ATD

33.3 (53.6) 5th ATD a
31.4 (50.6) 50th ATD "
32.1 (51.7) 50th ATD "
9.5 (15.3) No. 33

10.0 (16.1) No. 13 "
10.0 (16.1) No. 28 "
10.1 (16.3) No. 35 "
10.3 (16.6) No. 36 "
10.3 (16.6) No. 41 "
13.5 (21.7) 50th ATD

13.2 (21.3) 95th ATD "
12.3 (19.8) No. 16 "
12.3 (19.8) No. 36 "
12.2 (19.6) No. 33 "
15.2 (24.5) 50th ATD "
14,8 (23.8) 95th ATD "
14.9 (24.0) No. 1 a
15.0 (24. 2) No. 42 "
14.9 (24.0) No. 41 "
17.9 (28. 8) 50th ATD "
17.4 (28.0) 95th ATD "
17.7 (28.5) No. 13 "
17.6 (28.3) No., 21 "
17.5 (28.2) No. 40 "



Test No. Date
918 4/18/75
920 4/21/15
922 4/22/75
924 4/24/75
925 4/24/75
929 4/28/75
931 4/29/75
932 4/29/75
934 4/30/75
937 4/30/75
940 5/1/75
942 5/2/75
943 5/2/175
945 5/5/75
946 5/5/75
952 5/6/75
954 5/7/75
955 5/7/75
957 5/8/75
658 5/8/75
0h3 5/9/75
965 5/12/75
966 5/12/75
A3 5/13/75
964a 5/13/75
973 5/14/75
975 5/15/75
976 5/15/75
978 5/16/75
Q79 5/16/75

Table 1 (Cont'd)

Sled a v
mph (kph)
20.5 (33.0)
20.2 (32.5)
20.5 (33.0)
20.5 (33,0)
20.8 (33.5)
- -)
22.1 (35.6)
22.4 (36.1)
- (-
22.1 (35.6)
25.2 (40.6)
24.3 (39.1)
24.4 (39.3)
24.3 (39.1)
25.1 (40.4)
27.5 (44. 3)
27.1 (43.6)
27.1 (43.6)
28.2 (45.4)
27.6 (44.4)
30.8 (49.6)
29.7 (47.8)
30.2 (48,6)
29.3 (47.2)
29.3 (47.,2)
32.9 (53.0)
32.0 (51, 5)
32.3 (52.0)
32.3 (B2.0)
32.1 (51.7)

Subl.;ﬁ

50th ATD
95th ATD
No. 28
No. 24
No. 35
50th ATD
95th ATD
No. 13
No. 1
No. 21
50th ATD
95th ATD
No, 41
No. 40
No. 16
50th ATD
95th ATD
No. 24
No. 35
No. 28
50th ATD
95th ATD
No. 16
No. 40
No, 1
50th ATD
95th ATD
No, 13
No. 24
No. 28

Remarks

Production Test

1



stretching of the bungee cords, At a predetermined location on rebound,
the sled brakes are actuated effecting a complete stop.

C. Deceleration Pulse

The deceleration pulse utilized for the 32,5 mph (52.3 kph) total
velocity change tests, Figure 1, was a SwRI approximation of a represen-
tative 30 mph (48. 3 kph) barrier crash pulse for a 1972 Pinto. Although
there was no attempt to do so, the SwRI pulse compared closely with the
crash pulse used by Allied Chemical in a previous testing series conducted
at their facility, The deceleration pulses used for the lower severity
levels were scaled from the 32.5 mph (52. 3 kph) pulse. Table 2 summarizes
the peak sled parameters as scaled from the 32.5 mph (52. 3 kph) pulse.

D. Sled Buck

The sled buck used in the program was designed by SwRI to
simulate the essential features of the RFP (right front passenger) compart-
ment of a 1972 Pinto, Restraint system anchor points (with respect to
seat anchor points) were patterned after those used at NADC. The test
set-up included a production, 1972 Pinto seat, a special head restraint,
and seat ramp (Figure 2). Seat adjustment fore and aft was made to
accommodate the anthropometrics of the volunteers. Figure 3 depicts
in schematic form the attachment points, seat anchor points, etc. The
buck had no provisions for simulated instrument panel or windshield.

E. Primary Restraint System

The InﬂatabandTM, Figure 4, as used in the test programais an
inflatable three-point harness system with lap and over the shoulder
components. Four major assemblies, Figure 5, comprise the system:
the inflator, the buckle, the tongue and manifold and the band (including
both lap and shoulder portions). Inflation is provided by a pressurized
gas cylinder housing two electroexplosive devices (squibs). When an
"mpact condition is detected, an electrical signal is generated activating
the squibs. Squib activation creates sufficient overpressure of the stored
Argon gas in the inflator to rupture a disc permitting the gas to flow through
the ports in the buckle assembly into the lap and shoulder segments. The
rubber inlet tubes, attached to the mamfold assembly, direct the gas into
the fabric portions of the band segments. At full inflation, the shoulder
and lap band segments are approximately 18 inches (45.7 cm) 1n circum-
ference.

The system operation with an anthropometric dummy in a simulated
crash situation is illustrated in Figure 6. Figure 6a shows the initial
condition as the sled first contacts the programmer (denoted as time zero).
A predetermined delay of 10 millisec occurs next in which nothing happens.
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Table 2

Production Test Parameters (Nominal Values)

Sled Velocity Change Sled Peak Deceleration

mph (kph) g's

12.5 (20.1) 7.5

15.0 (24.2) 9.0

17.5 (28.2) 10.5
20,0 (32.2) 12.0
22.5 (36.2) 13.5
25,0 (40.3) 15.5
27.5 (44.3) 17.0
30.0 (48.3) 18.5

32.5 (52.3) 20.0



TIGURE 2, SLED TEST BUCK
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Figure 4, Assembled Restraint
System
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Figure ba. Impact, t=0 Figure 6bs Deployment, t = 10 msec

Figure fc, Full Inflation, t = 1|7 msec Figure Ld, Max, Head Ace.
t = 87 msec

Figure fie. Rebound, t = 194 msec

Flgure fi. System Operation




Figure 6b shows the situation 10 millisec after initial contact, At this

point in time, the electrical signal required to acfivate the squibs is
generated by a switeh closure. In a normal sitvabion, a crash sensor in

the vehicle weoild transmit an electrical signal to the gas generator;

however, as the testing of sensors was not an objective of the test program, a
redundant activation system (for safety to huwmnan voluntecrs) activeied by two
proximity switches mounted next to the sled rails was us ed to simulate the
sensor. The two circuita were independent and either one could deploy the
system. A detailed description of the circuitry is available in Appendix A,

In aach production test, the proximity switches were positioned to provide a '
10 milligee time delay. After 20 millisec from initial contact, the system .
has inflated [Figure 6c) and is ready to distribute and transmit ihe cccupant

load, In Figure 6d, the occupant has attained maximurn impact head

scceleration. At 194 millisec, the deceleration pafse has heen completed. .
A major portion of the occupant's energy has been dissipated by the

{rictional flow of the gasses through the weave af the band mwmterial. That

pertion of the occupant's energy stored 1o the systeny causes the socupant

t6 rebound Tearward into the seat, Pigure 6e. The Lands of the durrrnies,

4% shown in Figure 6, were taped tp the knees in un «{forct bo oblain

beltter kinematic correspondence between the human and dummy occupants.

7. Secondary Restraint System
To provide backup restraint.in the svant the coerupent was not
offoctivoly réstrained by the primary system, sovoral s ety prevautions

vere taken, A secondary restraint for backup protecuion was a belt
Larness (Figure 7) that restrained the shoulders, chest, fap, and lege in
the cvent the subject was for any reason unrestrained. The harness termi -
qated with an energy absorbing, lead limiting device mounted hehind the
soat of the bugk, Figure 8. To avoid any interaction between oceupant and
spcundary restraint in the normal test mode, a piven Fnipumt of slack (ag
determined from a dummy test) was introduced into the secondary restraint.
Miring the program, a load cell sensitive to secondary ~estraint total luad
was conbnually monitorgd,

In addition to the secondary restraint, foum parddiag aod cately
notting were used to minimize the possibility of rigit voject eontack or
wjection. Rebound protection was provided by & fwll hewd regtriinl @lrl
cated from FEnaolite foam backed with styrofoam, '[he heatl restraint had
. latent purpose in that it also prevented extreme saal hack defllection un
stccupant rebound,

(7. Medigal Contingencies

During the human volunteer portion of the program, a hoa
sualified and practicing surgeon was in constant attendance to monitor KOG, :
hlood pressure, pulse rate, and respiration, In the svent of injury, the
physician was prepared to institute immediate resuscitation and/for







FIGURE 8, ENERGY ABSORBER FOR SECONDARY RESTRAINT




inaugurate first aid treatment. A resuscitator with O, a cardiac
defibrillator, tracheotomy set, splints, suture sets, 1. V. fluida, and
drugs were on hand for irmmmediate use, An ambulance with litter was
avallable adjacent to the impact laboratory so that an injured subjeet could
bo transported without delay to the nearest treatment center, During the
higher level impact tests, the surgeon was joined by a practicing
cardiolopist,

H. Instrumentation

The instrumentation requirements for the PTogram are summarized
in Table 3. The only parameter not measured during the impaet sequence
was occupant blood pressure, The remaining parameters, as measured
Iy on-board transducers, were transmitted to recording eguipment ia
an umbilieal eable. Transducer gignals were recorded broadband on
companion multichannel analog tape recorders, Event synchronization
betwsen machines was provided by a time zero reference level an hoth
tapes as well as a time channel which changed frequency at time zero
{1000 Hz to 100 Hzl.

Because of the importance of the dummy test results in the ''go"
or ''no ga' for human testing at a given itmpact severity, the instrumentation
maounting techniques were the same for durnmies as for hurnans. The
head pack accelerameter cluster, shown in Figure 9, was mounted on the
weft side of an adjustable plastic headband removed from a protective head-
gear, Figure L0, Preliminary tests indicated that the head pack mounted
on the left side of the occupant's head provided maximum isolation of the
accelerometers from the ringing produced by the deploying shoulder band,
To preclude contact with the subject, an Ensolite pad was secured over the
metallic mounting plate.

To measure the acceleration of the thorax, a triaxial accelerometer
was mounted on an aluminum plate housed in an Engsolite pad, Figure 11.
The acceleromeéter was positioned over the right erector spinal mueecle of
the back at the level of Té vertebra and offpet from the mid sagittal plane
‘0 prevent injury to any protruding spinous process. To secure the baelk
pack to the subject, a belt of Velcro was fastencd tightly around the
subject's chest as he exhaled deeply. Over the Velero strap, the chest
belt of the secondary harness was tightened providing additional security.

The anthropometric test dummies (ATD) used in the pProgramwere
supplied s GFE and consisted of two 50th percentile male dummies, one
95th percentile dummy, and one 5th percentile ferale. The 50th percentile
dummiegs were manufactured by Humanoid System as part number 572. The
95th percentile dummy was manufactured by Alderson Research in
accordance with NHTSA purchase specifications and designated us VIP.95.
The Hurmanoid and Alderson dummies were received new, direct from the
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Figure 9. Head Acceleromeéter Cluster - Identification and
Orientation (not to scale)
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respective vendor. The female dummy was manufactured by Sierrs as
part number 592-805 and reconditioned prior to testing.

A complement of internal accelerameters for the dummies was
fiot available until late in the program. Earlier efforts with accelerom-
eters, of guestionable condition, were installed for two tests in order to
generate internal head acceleration data comparative with externally
derived data, For two of three channels, correlation was acceptable. The
third channel of the device was suspicioned to be faulty.

The kinermatic response of the occupant was photographed from
four (4) views with high specd lémm cameras operating at 850 frames per
gecond or higher. The processed film was available within 12 to 24 hours
of the test &t which Hme it was carefully reviewed [igures 12 through 16
are sequence photographs taken from the left side camera film records
for the 32.5 mph (52.3 kph) series.

To accentuate the motion of hody slements and provide information
in regard to subject/restraint system interaction, target data {as specificd
in SAE 7138) were placed at the wrists, albows (lateral epicondyles],
shoulders, ankles (lateral mallecli), knees, and greater trochanters,
‘Targets were placed over each temporaeparietal region of the head to help
evaluate head rmotion as recorded on the high speed color movies made of
each production test,

To determine the effects of passenger Inflataband T ™M deployment
upon huwman volunteer test subjects, and to insure the physical well-being
of each subject before, during, and after deployment, medical instru-
meontation was utilized to acquire vital parametars,

Electrocardiogram (BECG) - An electrocardiogram was performed
on all subjects from 12 seconds before sled release until 2 medically
acveptable tracing was achieved after the test yun. This varied from one
individual to another and is covered in the clinical section of the report.
A sinple stage preamplifier, with a gain of 100 provided good noise-free
tracings. The 3-voit batteries limited current to the amplifier to just
glightly more than 100 nanoamperes (10-7) to insure subject safety.

Beckman Ag/AgCl shielded electrodes were used to acquire the
signal and were connected to acquire a lead 1 ECG tracing. Coaxial cables
insured a noise-free signal to the recording systems.

Lead extenders provided the neceasary slack for subject muvement
during impact. Few tracings were lost as a result of lead breakage,
despite rapid decelerative movement of subjects.

Blood Pressure - Blood pressure was recorded before and after
each run by an Artericzondd® (Roch) Model 1216, The cuff was placed
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sraund the right arm with the Dopplér transducers conlacting the skn

dirnctly aver the hrachial artery through slits in the protective e 1ot ling.

A quick releanns nopnector for cull inflation and transducer excitation was

taped $u the seat during the run, Approximately one minute slapsed

befnre blood pressure readings could be faken after the run. No blowod

yrussure information was lost due to cuff slippage or equipment

malfunetion. 0

Resplration - Severe impact to the chest (thoracic cavity) cannot
only cause damage to the heart but alse precipitate possible respiratory
problems. Thus, itis important to note respiratory rate and uncalibrated
volume. Due to the nature of the tésts, it was not feaeible to monitor
respiration in any of the classical modes where thermistors, flowmeters,
or pneumotaclographs wo uld be located ir the vicinity of the mouth. The
configuration of the restraining harness precluded the use of an impedance
prenmograph.

A novel and reliable method was previously devised and an instru-
ment developed based on the principle of changing electrical conductivity
of the heart caused Ly dlsplacement of the heart by the inflation and
deflation of the lungs, This phenomenon manifests itsell as & variaton
in 4 wave amplitude, To retrieve respiration from the EGCG, the T wave
amplitude peak is detected and the resultis integrated.

Figure 17 illustrates an ECG and respiration trace on a compressed
rne seale. The variation of the R wave peaks can bc seen more clearly

with the glower chart specd.

i. Program Protocol

Baranse of the concern for auhject welfare, a rigorous Program
protocel was established in compliance with Standard Operating Procedures
9. 1.4 of the Institute. The 5.0, P. requires that any program, 1n widch
huwpan volunteers are to be subjected to extreme stress or hazards that
might endanger their health, welfare or state of heing, must first be
approved by the Committee for the Protection of Human Subjects.
Caramittes members are competent to review the proposed activifies and
exercise independent judgement that the subjecta' rights and welfare are
zdequately protected--that the risks to the subjeets are outweighed by the
potential henefits to be gained--und that the procedures for obtaining
informed consent are adequate and appropriate. The program plan aa
presented to the Committee addressed the following items:

1. Restraint systam description

2. Specific test procedures and protocols

3, Volunteer's Informal Consent Form

4, Description of instrumentation and data interpretation to

evaluate impact severity




FIGURE 17 - ECG AND RESPIRATION PATTERN

(Top and Bottom Trace, Respectively)
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5. Emergency facilities and contingency procedures.

In granting approval to conduct human testing, the Committee and project
1nanagement agreed that a program review would be made following the
completion of the 17.5 mph (28, 2 kph) level. The review was conducted,
and the Committee granted approval to continue the program to completion
unless conditions occurred that would require their attention.

Internal to the project, staff meetings were routinely scheduled
within 24 hours after a test to review film and data from the previous
tests, As each severity level was initiated, the decision to conduct
the human segment was made only after the review data derived from the
two dummy tests at that level indicated acceptable severity levels.
Following each human test, both medical and engineering personnel
carefully assessed the film records, the reduced data (HSI, CSI, HIC,
head and chest 3ms max. resultant accelerations, sled parameters,

LKG traces, respiration, blood pressure, and belt loads), hazards as
created by operational problems (if any were observed), and the taped
post test interview documenting post test trauma. As the volunteers were
evaluated in light of these factors, the testing schedule was formulated
around those volunteers who 1n the opinion of staff medical and engineering
personnel would most likely experience a good ride.

J. Volunteer Protocol

The volunteers utilized in the prozram were selected from an
existing panel on the basis of anticipated impact response and anthro-
pometrics, Twelve (12) volunteers were recruited ranging in age from
20 to 28, each having some experience with sled impact tests. Table 4
provides details in regards to anthropometric measurements and age.

All volunteers had been required 1n preparation for a prior
program to pass a physical examination which included examination of
heart, lungs, ENT, eyes, hearing, reflexes, muscle and joint motion and
strength, pulse rate, B/P, certain anthropometric measurements, ECG
after exercise, and a psychologic evaluation. All subjects also had had
X-ray evaluation of the entire spine and all major bones and joints by a
series of 22 X-ray views., Any significant abnormality such as arthritis,
calcified cartilaginous fragments, ununited fracture, cortical thinning,
etc. was a cause for rejection. In addition, each volunteer had enzyme
studies performed in the pretest period to include SGOT, CPK, and LDH.
This provided baseline data for needed later comparison with enzyme
values obtained in the post impact period should a question of possible
myocardial contusion arise, Prior to this series of tests, an interval
type of history and physical examination was performed in order to insure
ourselves of the fact that no significant deterioration of health had
occurred since the last program in which these volunteers had participated.
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Upon satisfactory completion of the medical examaination, the
subjects were evi1ven a verbal orientation which included an opportunity to
view a representative dummy sled test, an explanation of the test systems,
program objectives, and an explanation of potential hazards (See Appendix
B). Only after completing the entire orientation, was the volunteer asked
to sign an Informed Consent Form, Appendix B.

Each volunteer expressing his desire to participate in the program
was ''fitted' to the test fixture. The fitting procedure consisted of
seating the volunteer i1n the buck and adjusting the seat fore and aft
wit1l a position both comfortable and functional was determined. In this
scating position, the distance from the left lap anchor point to the H-point
was measured and recorded. This information was required in order to
make up restraint system assemblies in advance since the position of the
inflator was not adjustable once installed in the buck.

As each volunteer reported for his production test, he received
a pre-test briefing. If available, he was allowed to view test film of the
preceding human run and his last run. Each film viewed was critiqued
to point out good and bad characteristics. There is no doubt that the pre-
test briefings assisted the volunteers and helped them learn how to ride
and prepare mentally for the impact.

For each human test (1ndoctrination and production) the physician
11 attendance administered a brief physical examination of the volunteer
to check the heart, lungs, joint mobility, coordination, and equilibrium.
The subject was then instrumented for ECG and blood pressure. Each
volunteer wore tight fitting "'ski pajama'' tops and bottoms and low top
tennis shoes., For additional protection, each volunteer was required to
Lse ear plugs (to preclude potential hearing loss that might be caused by
the report of the inflator), a rubber mouthpiecc for tooth protection,
plastic goggles over the eyes, a wet swmit hood over the head (to prevent
abrasions of the neck as caused by occupant motion relative to the shoulder
band), chamois on the right arm, chest, and abdomen (to prevent pcne-
tration of the skin by metal fragments), and foam pad over the right
inguinal region to attenuate the "'slapping' effect of the lap band.

In all tests, the volunteers were seated in the forward facing
position, and centered laterally along the seat line. To consistently
tighten the shoulder and lap bands of the restraint system, the same team
members performed the function each time. The shoulder band was
tightened so that two fingers would snugly fit between the band and
volunteer in the area of the right clavicle. The lap band was similarly
tightened with two fingers fitting snugly between the band and hip of the
volunteer.

Pre-test briefing emphasized the importance of coordinated body
bracing. Each volunteer was instructed on hand position, head position,



33

and muscle tone, His hands were placed on his thighs (just above the
knee) with his thumbs inward. His head was upright in a normal driving
position.

Following the test, a quick look at the vital signs was made to
determine volunteer condition. An interview and examination were made
to obtain subjective reaction as well as evaluate and record trauma,
Subsequent to this post-impact examination, each subject completed a
survey of physical symptoms experienced, and indicated the location of
symptoms appropriately on the Physical Synptoms Survey Sheet (Figure
18). Subjective reports were also conpleted by the subject immediately
post test, and after 24 and 72 hours (Figure 19).

K. Data Reduction

To provide the time variant and accumulative quantities indicative
ot crash severity and/or injury (HSI, HIC, etc), eleven (11) data channels
were digitized (sled acceleration, time zero, chest triaxial accelerations,
head triaxial accelerations, head biaxial accelerations, head axial
acceleration) at a sampling rate of 2000 Hz per channel. Each data
channel was filtered prior to digitization in accordance with the specifi-
cations of SAE T211a,

Within five minutes post impact, the computer had processecd the
digitized data, and output was available., Figure 20 is a representative
sample of the immediate output. The mathematical expressions used to
compute HSI, CSI, HIC, sled velocity, head resultant acceleration, chest
resultant acceleration, head angular acceleration, and head angular
telocity are presented in Appendix C., Beyond the data reduction as
obtained immediately after the test, additional reduction was done to
correct toe pan force values for inertial loading of the foot load plate.

The system of transducers used to measure toe pan loads was
ronstructed in such a manner that the indicated loads were composed of
two forces, each having components in the directions of measurement,

One set of forces (set meaning the left and right) was due to the forces
generated by the occupant while the other set was due to the inertial forces
of the load plate during impact. The peak resultant toe pan loads tabulated
in Table 5 were corrected by subtracting from the total indicated loads the
appropriate value of inertial loading as discussed in Appendix C.

To determine the equivalent stopping distance for a simulated impact
on the Sv'RI system, the velocity vs. time curve was integrated. The
derived value, as for a real barrier crash, is composed of two equivalent
parts; one part is non recoverable in the form of permanent crush while
the other part is recoverable in the form of elastic deformation. For the
32.5 mph (52. 3 kph} series the total dynamic crush would be the area
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Debriefing Sheet

Namece: Date;

Fun ilo.

Cherl the anpropriate columns below for each item 1n cach time per

Imme lately 24-hrs. 72-hrs
Post-Run Post-Run Post-Run
YES NO YES NO YES NO

Headuche(s)

Disorientation, confusion

Blurred ¢ r double vision

Faintne »s or dizziness

| P>ain on inspiration or expiration
Pain {describe fully below as well

as presumed reaco.a)
Eye trouble

—

Ear, nosc or thioat trouble
Palpitations

Blood in sputum, urine,
stoo! o1 voratus

I Black "tariyv’ sto |
R Weakawes

Piin or swallowiny

l j Stemach or intestina® + 0 L
Imime ate post-run remarks:

Apprchension:

Strappinn

Barly, osition

Lo eleration,

Immnact

Gere al post-run fecling,

e =11 o mion of ride:

tUse bick ot this sheet to elaborate on any affirmative replies to
items on Debrieting Sheets.)

Figure 19.
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"Ag' with "Ae' being analogous to the elastic deformation, Figure 21,
The permanent deformation may be determined by subtracting Ae from
AT. Typical values for the final test series were as follows:

indicated dynamic crush=29.6 1n (75.1 cm)
indicated elastic deformation~1,( in (2.5 cm).
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IN, PROGRAM RESULTS

Program results are presented i1n the form of tatulated dat
soots (Table 5), reference point trajectories (¥igures 22 throagh 30},
wt curves indicative of occupant response as a functiun of impact
Tigures 27 and 38), These items summarize inform:it.on derived frorm
« photographic coverage of the 32.5 mph (52,3 knh =cries and thc
~2log transducer signals, Appendix D, The photogra,hically derived
. . ¢smation (Figures 22 through 36) was not correctce { 1 camera
» ~2allex and should be used only as a relative indiv v «1 tor compar- or
s responses. Medical observations are documentea  Vablee b and 7,
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TABLE 7

™
MEDICAL DATA SUMMARY FOR INFLATABAND TESTS WITH HUMAN SUBJECTS

Run No. Vol. No. Sled Accel. Sled Vel. Main Complaint ECG Changed

(9) (mph)  (See Fio.g)
354 42 — 8.%nam. ) — N/T
856 1 4.5 10.2 c3, I3 T flat —> N/T
857 16 4.5 10.1 K6, C4 N/T
858 40 4.4 9.9 B5, K2 N/T
859 21 4.4 9.9 B7, L6, I5, M5 N/T
860 24 4.6 10.1 B7, E6, K6 T flat —pN/T
865 33 4.3 9.5 17, K6 T flat ——N/T
866 13 4.6 10.0 13, ¢4, G2 N/T
867 28 4.5 10.0 B2, C2, K2 T flat —»N/T
868 35 4.8 10.1 — N/T
871 36 4.8 10.3 C6, D6, H5, IS N/T
872 41 4.7 10.3 c4, 14, D3, E3,
L3, M3 N/T
884 16 6.8 12.3 C4, K4 N/T
886 36 6.8 12.3 K5, C4 N/T
887 33 6.8 12.2 K2 T flat —N/T
898 1 8.2 14.9 14, C3 TY —>N/T
900 42 8.3 15.0 —_— N/1
901 41 8.2 14.9 14, C3 N/T
909 13 10.2 17.7 D2, 12 N/T
913 21 10.0 17.6 D5, C4, E4, {
G4, J4 T flat —>N/T
914 40 10.0 17.5 — N/T
922 28 11.2 20.5 _— N/T
924 24 111 .5 J6, K2 N/T
925 35 11 6 20.3 — TV —>N/T
932 13 13.0 22.4 D2, L2 N/T
934 1 13.5 22.5nom. )3, I3 T flat —>N/T
137 21 12.7 22.1 14, 33, F2, G2 Premature ventricular con!raction
x 2 prempact —>N/T po.t—1impart
145 41 14.7 24.4 c4, 13, J3 N/T
945 40 14.7 24.3 A2, K2 N/T
446 16 14.7 25.1 B4, C4, 12 N/T
4955 24 15.7 27.1 —_ T flat —>N/T
957 35 16.1 28.2 Cc2 T flat —>»N/T
Premature ventriculer cont-actirr
X 3 post-impact
958 28 16.0 27.6 —_ —>> N/T
966 16 18.3 30.2 c4, J4, 13 N/T
968 40 17.6 29.3 K2 N/T
969 1 17.8 29.3 c3, D2, EZ2, T flat —>N/T
F2. J2
976 13 19.6 32.3 c2, L2 N/T
978 24 19.7 32.3 B2, C2, R2 N/T
979 28 19.6 32,1 —_ N/T
T # T wave 1nversion

—>» N/T Returned to normal/trace



V. DISCUSSION

A. Operational Problems

The major problem of significance was created by the passage
of metal debris from the inflator into the band segments. On three
occasions (Test Nos. 841, 866 and 895), particles perforated the band
material. To reduce the hazard of the volunteer being injured by
penetrating particles, several measures were undertaken.

As a first attempt at retaining large pieces of material within
the generator, a deformation cavity was created to ''catch' the rupture
disc. Smaller particles (less than 3mm x 3mm) received special con-
sideration as they would not be effectively retained in the inflator 100
percent of the time without major modifications. To protect against
small particles, chamois cloth was inserted in the areas of potential
impingement on the arms and abdomen of the volunteers. In addition, the
shoulder/lap band was sewn with double layer material in the area where
the gas is vented into the band segments.

In none of the three observed cases of band penetration was the
performance of the system degradated or a volunteer injured.

B. Seat Deterioration

As the program did not have available an adequate supply of
seats, it was necessary to utilize the same seat in a2 number of tests. To
minimize the influence on system performance as created by seat
deterioration, a control program was initiated to keep a history on the
deformation characteristics of each seat used more than once. Following
each test, the seat pan deflection from a reference point was measured
1in response to the application of a consistent load., Seats were discarded
when measurements indicated more than one-half inch of change from the
imtial condition. For the 30 mph (48,3 kph) and 32.5 mph (52. 3 kph) test
series, seats were used only once,

Seat back deformation was periodically checked with an automatic
protractor. The angular deviation was not more than two degrees. Seat
back deviation was probably minimized by the restricting of rearward
deflection upon occupant rebound. Between the seat and the headrest, a
collapsible styrofoam and Ensolite pad was inserted to absorb rebound
energy and limit rearward displacement.

C. Dummy/Human Performance

The performance of the anthropometric dummies used for the
production testing was satisfactory. Component problems were minimal
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with the only failure being the neck element of Humanoid Dummy S/N 182,
The torso of both 50th percentile dummies were disassembled during the
course of the program for reworking shoulder and arm joints which were
prone to gall after minor use. The problzm appears to be caused by a
joint material incompatibility.

Prior to its usage in a test, the dummy's joints were checked for
operation and adjustment. Each limb joint was set for the standard one g
threshold when extended horizontally, Because of the limited joint
resistance, several distinct differences were observed between human and
dummy kinematic response as listed below:

1. Torso rotation. Particularly with the 50th percentile ATD,
the torso rotates about the shoulder band. During impact, the left
shoulder is not braced sufficiently to counteract the moment created by
the band reaction loading on the right shoailder.

‘ 2. Lateral displacement. Because of torso rotation and the
reflection of the head as it rebounds from the band, the dummies rebound
to the left of the seat center line. Reviev of Figures 32 through 36
showing lateral head displacement for the 32.5 mph (52.3 kph) series
indicate that the lateral excursions were counded by the dummies: the
extreme being that of the 50th percentile dummy and the minimal excursion
being that of the 95th percentile dummy.

3., Combined belt loads, The data summarized in Figure 37
indicate that the load transmitting capacity of the legs for both durmnmy
types is much less than that of the volunteer. This is also verified by
the toe pan loads tabulated in Table 5.

4, Rebound deceleration. Review of the computer plots presented
in Appendix E i1ndicate that the dummies experience large deceleration
values on rebound. Above 27.5 mph (44.3 kph), the differences in rebound
levels between human and dummies are less pronounced contributing to the
convergence of the human and dummy parameters plotted in Figure 39.
These results indicate the existence of a threshold above the 32-34 mph
{51.5 - 54.7 kph) region in which the effect of muscle tone 1s not as signif-
1cant as it is at the lower impact severities.

The review of the photographic records reveal that subjectively
those volunteers similar in size and weight to the 95th percentile dummy
exhibit similar kinematic responses. In addition, it appears that the
InflatabandT™ is best suited for the 95thypercentile occupant as it more
effectively controls the kinematics of impact. As observed in the 32.5 mph
(52. 3 kph) series, Figures 28 and 33, head flexion (as well as rate of
change in head angular position) and lateral displacement are minimal,
the reason being that the chin overides the deployed band providing head
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anpporte  For emaller oceupants, the head is pushed Lo the lell as the
body beging to respond to the impact; the chin slides down and then into
the hand producing head rotation and sllowing greater head flexion,

Unlike the durnmies, whose response was reasonably repeatable ’
and predictable, each human reacted differently to impact. Some
digplayed better riding abilities than others where the abilities are '
funetions of subject experience, coordination, mental attitude, muscular
build, ete, Success in extrapolating impact severities for a given
volunteer was marginal probably because of the "'volunteer learning

curve,'' After each ride, the volunteer may learn something to improve ;
hig next ride or depending on his reaction, he may becorme more appre-
hensive. Either result affects riding ability. .

For the reasons discussed above, the comparison of human/
dummy performance would have been improved had a volunteer matching
dummy anthropometrics been exposed to impacts at each severity lavel
since no volunteer participated in more than three (3) production tests
(Table B).

D. Restraint Systemn Performance

The performance of Inflataband *M in providing protection for
ocoupants involved in direct frontal impacts simulated in the laboratory
is entirely adeguate. In no case did the observed severity indicators
([3SI, ©SI, HIC) approach or exceed the existing human tolerance lavels
for these indicators. Injuries to the human subjects were minimal
consisting primarily of mild erythema to the face and neck; at the higher
impact severities, some residual neck soreness was documented as
noted in the Medical Section of this report. Impact forces on the upper
torso and abdomen were effectively distributed without major discomiort,
Some volunteers, however, depending on their position (slouching or high
in the seat! would receive a suffielent blow te knock their breath away
momentarily, The contrel of head rotation and {lexion by the Inflataband T M
appears to be dependent upon the initial amount of chin overide of the
shoulder band and initial head position. -

Tw

In cvery test, the Inflataband was fully deployed before the subject
began to translate forward. The duration of deployment is short (7-8 msec
after impact detection) making the system ndvantasecus for small vars.
Not only does deployment occur at a rapid rate, but the very act of
deployment also restrains the occupant due to the foreshortening of the
bands during inflation. Consequently, the occupant utilizes the available
stroke and vehicle ride down more efficiently than would a conventional
helted restraint system. Submarining was minimal and observed primarily
with the 95th percentile dummy.
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A significant portion of the total Head Severity Index at the higher
liwvels (40 e 258% for the human riding at 32.5 mph) was accoumolatod
furipy robound. Rodoction in the sevority response couldl be obbaineed
by roducing the amount pf impact energy stored in the systerm. The
ptilization of orficies (in the form of band material porosity for example)
to throttle system gases or load absorbers at the attachment points would
be two approaches both of which would result in increasing the required .
cecupant decelaration distanee or stroke. .

As a secundary consideration, volunteers repeatedly expressed
concern {or not having 2 structure against which to brace the arms.
The Integration of a cecllapsible steering column or instrument panel
would have been advantageous solely to increase the occupant's mechanical .
advantage in bracing againat the impact, The Inflataband M a5 tested
works well; however, the use of selected subsystems could perhaps Z
enhance the performance to an even greater extent,

. Madical Observaticons

Hearing, All volunteers had noise attenuation ear plugs placed in
their axternal ear canals during their run. Al volunteers, with only two
exceptions stated that they cither had not heard the sound of the pyro-
tuchnie device which inflated the helt, or that the sound was so insignificant
ae not to be important, One volunteer (§#21) in his indoctrination run
stated that the report of the pyrotechnic device waes "loud and distracting., "
In two subsequent rung at 17,6 mph {28, 3 kph) and 22, 1 mph (35.6 kph], the .
same voluntesr had no complaint about the noise,

Blood Pressure. All blood pressure recordings taken showed a
miinimal elevatlon of hoth systolic and diastolic pressure coincident with
sitting down in the buck. A second pretest B/P normally recorded at
4 minutes before sled release showed a small rise in pressure apparently
associated with the increase in tension as the impact approached. Almost
without exception, the post-test B/P returned to early pre-impaet lovels,
No spustained pathological B/P levels were recorded although in voluntesr
#28, diastolic pressures above 100 mm Hg were transiently recorded both
pre- and post-impact at velocities of 20.5 mph (33,0 kph), 27.6 mph
(44, 4 Jph) and 32,1 mph (51.7 kph).

In all individuals tested on multiple occasions, there was a tendency
for the blood pressure to be higher as the test speed rose and to be highest
in the run with the highest velocity change. On four nccasions however,
the B/P on the second run was lower than on the first test. It is pussible
that having avercome the initial apprehension of the unknown with the
first test, the second was associated with less tension for these four
individuals [See Table al.




Pulse Rate. All subjects had an incrouse in pulse rate as the
anticipated impact approached. No pathological elevations goeurred
Juiing the time of the test and all rates roturned to pre-test Jevels after
iimpact, Increasing aled welocity and/or acceleration influenced P.R.
<0 that the higher the anticipated test volecity, the higher the P, R, rose
to a maximum P, R, in one volunteer of b6 bpm at 32, 3 mph (51, 8 lkphl.

ECG, No pathologically significant ECG abnormalities could be
dermonstrated in any volunteer during the course of these tests. The
most frequent change in BCG pattern enctunteratl was ecither a flattening
or an actual inversion of the ""T" wave. "his oceurred within 1 or 2
secands pogt impact, persisted for approximately 510 seconds, and
retirned to normal before the ECG elactrodes were disconnected.
Tlattening of the '"T" wave occurred in ten subjects while inversion of the
P wave vecurred In two (See Table 7%, These changes were neither
velocity nor acceleration connected. See accompanying ECG tracing
(Figure 39) for an example of "T" wave inversion in Subject #1.

The "T" wave flattening and inversion noted in other subjects
were all stress induced and reverted to normal patterns within a few
ssconds post-impact. Obviously, they wire not produced by any prganic
heart changes. They were completely benign in nature.

In two instances, prematurea ventricular contractions (FVC)
aecurred, One of these occurred in the pre-impact period in volunteer
$21, Run #937 at 22,1 mph (35. 8 kph) and consisted of 2 PVC (Figure 40].
Phe other occurred in the post impact period in valunteer #35, Run #957
2t 28, 2 mph (45.4 kph) and consisted of 3 PVC. In both instances there
was no coupling of these beats 1o any patiern apd in buth instances normal
FCG pattern was quickly restored. Thege aberrant heart thythms were
without organic basis, were benign in rature, and represented no signifi-
cant heart conduction abnormalities.

Trauma., Main complaint (Table 7) was derived fram the physical
symiptom survey (Figure 18) filled out by the tost subject Ilmmediately
post-impact, Nine individuals indicated they had no symptoms whatsoever.
These individuals had been tested at velocity changes ranging from
8.5 mph (13,7 kph) to 32. 1 mph {51.7 &ph), The main complaints of
subjects who listed symptoms in the immediate post-impact period varied
from sensations of mild pressure to those who listed moderate pain.

Only three individuals recorded moderate pain as one of their symptoms
+nd esch of these oceurred in the indoctrination runs at 10,1 mph (16.3
kph) or lese, Five sndividuale in the group of indoctrination runs listar
rild pressure in various areas as their main complaint. This compares
with enly one individual in all subsequent Tuns who listed any cormplaint
a5 gsevere as mild presaure.
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None of the listed complaints (mild as they were) wag in any way
p=anciated with the decelerative force, Instead the pattern of cornplaint
seorhs to be indicative of contact with the expanding inflataband as a slap
of bag against body area involved br as pressure produced by the expanding
bag against body area, The areas of complaint most frequently named
were the Tight side of the neck and the lower part of the right lace (25
instances): the upper vight chest, shoulder and base of the neck (1o
instances): and the lower abdomen and base of the right groin and thigh
{29 instances), In several instances (five volunteers) the left forearm was
slapped by the expanding Inflataband,

Physical Findings. These were derived by actual ohservation
post-impact and were recorded immediately post-impact by the examining
physician, As eould be anticipated from the results recorded in the
gection ''main complaints, " erythema, involving the base of the right
auecl, the lower face (right) and the right ¢lavicular region leads all other
findings. Erythema of the abdomen was minor in extent, was found onlv
orcasionally and occurred less frequently than erythema of the base of
the right thigh, This lower incidence of erythema of the abdumen could
have heen caused by the wearing of the chamois over the lower chest and
abdomen by each volunteer, The erythema noted in each of these arcas
was minimal in degrec and probably disappeared within an hour or hwo
sust-impact although these volunteers were not observed for that lengthy
perind, [t was nol unanticipated that the erythema was most marked in
the areas listed., This coincided with the "main complaints'' listed by the
volunteers and was, of course, the body areas mainly subjected to slapping
contact by the expanding Inflataband,

Une volunteer (f1 at 14, 2 mph/24 kph) had ecchymosis develop
because of the severity of bag contact on the base of the right thigh and
oluntesr K24 at 20.5 mph (23 kph) developrd ecchymosis of the Joft
[orearm dus to contact (Figure 41). Beocause we noted in our motion
aiclire review that in certain indlviduals the expanding Inflataband

riick the |eft Iorearm, we began to caution all volunteers to brace their
ledt arm at a position somewhat wider from the wide than was true on the
#ight and this alleviated this problem. In order to minimize slapping
contact of the Inflataband with the base of the right thigh, a small
styrafoam pad was placed at this point beneath the pajarms of ecach
volunteer, This decreased the Enmplﬂ.iﬂtﬁ.

Two volunteers (28 and #36) stated immediately post-impact that
they had had the breath knocked out of them by the impact deccleration,
Fhis veccurred in a ride at 12,3 mph (19, B kph) (#3£6) and in voluntecr #28

= ride at 27, 6 mph (44,4 kph). Three volunteers stated cither that
they svere "shook up!' or "saw stars,'' In volunteer (36 this occurred at
12,3 mph (19. 8 kph) while volunteer 21 saw stars at 17, 6 mph (28, 3 kph)
and volunteer #40 was stunned for a monient at 29, 3 mph (47, 2 kph).




L

FIGURE 41. Ecchymosis Left Forearm
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Fhe ondy srpniflicant complawnt which surlvco bootte the o'untecs
hod deft the impadt Taarlity and was raportcd on the Sul e ctive Poparl
Figure 19) mvas that of staff ncck. Volunteer 11, after a ride at 29. 3 mph

11/7.2 1ph) ostated he had developed a stiff neck withuin 24 hours of the test
and that it remained mildly stiff for 72 hours and gradually resols nd,
Volnnteer +13 developed a sore neck app ~oximately 5 { hours after impact
at 32.73 mph (52 kph). Within 3 hours he found he couldn't turn his head

1o the right without pain. In 72 hours he found he had only residual
soreness 1n turning his head to the right. Volunteer #16 who was impacted
at 30, 2 mph (48. 6 kph) developed onset of neck pain within 24 hours of
impact and this continued for 48 hours. He also developed a bruise of the
right cheek which lasted for 3 days. All three volunteers had remission
of all nc Kk symptoms waithin 96 hours after impact.
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System Activation Methodology

The firing system consisted of two independent firing circuits, one
primary circuit and one secondary or backup circuit. Both systems used
proximity switches that were triggered as the sled passed a specific
location in its approach to the programmer. The primary firing circuit
was located at the sled control console, and the secondary circuit was
mounted on board the sled.

The primary circuit had a circuit to visually indicate power
source voltage. The visual display was a LED that would not function
unless the battery voltage was greater than 11.5 volts. Also a LED was
used to indicate proximity switch status so that the operation and
connection of the switch could be verified before each test. A resistor
divider circuit was used to give a one volt output when the firing switch
was closed for recording purposes (system function), The output of the
primary circuit was shorted until 30 seconds before test to preclude
inadvertent activation of the system.

The secondary circuit utilized only one LED as an indication of
both switch closure and battery voltage. In order to isolate the operation
of each circuit, stirring diodes were used as shown in Figure A-1,
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Explanation to Volunteers of Risk Potential

You have volunteered to participate 1n a program designed to
test automobile seat belt restraints by the Departiment of Bioengineering
and the Division of Automotive Research at SwRI. These seat belts are
known as Inflatabands and look very much like the belts in your own
vehicle with the lap and over-the-shoulder components. These belts
are designed so that upon impact a sensor triggers a pyrotechnic device
which releases gas into each of the two belt components thereby inflating
them and producing a cushioning as well as restraining effect. This
restraint system has previously been tested with dummies but has never
previously been tested with humans. It 1s our plan to start this test
by giving the volunteers an indoctrination ride at 8.5 mph (13.7 kph) to
acquaint them with the sensations they may experience in the evaluation
tests later on. The evaluation tests will commence at a total velocity
change of 12.5 mph (20,1 kph) and increase the velocity in increments of
2,5 mph (4.0 kph) until we achieve 30 mph (48.3 kph). In every instance
as we increase the velocity by 2.5 mph 14 kph), the first two tests at
the new speed will be conducted with anthropometric dummies as subjects.
Only after we determine how they have come through the test and know
here's no possibility of danger will the human volunteer be permitted to
ne tested at the new velocity.

In every test that we run at any velocity we will use a back up
restraint system which will serve to keep you from being injured. This
resiraint system was used for human volunteers at Naval Air Development
Center, U.S. Naval Base, Philadelphia, Pennsylvania in testing the
etfectiveness of another type of energy absorbing seat belt restraint,

It 15 placed around you 1n such a way as {o prevent you from being thrown
against the interior of the sled or being ejected from the sled if the
Inflataband fails for anv reason,

In testing seat belt restraints of the 3-point type (lap and over-
the-shoulder components) the main concerns in regard to injury production
are:

1. Failure of the system and injury by impact against sled interior
or being ejected. This cannot occur in this instance because of the back up
restraint system.

2. Abrasions, contusions and lacerations produced by the belts
in contact with your body. All belt placement will be checked by the
team prior to sled release to insure proper placement. If necessary
additional padding or clothing will be worn to minimize this possibility.



3. Strains to neck and shoulders. This has been in the past the
main deterrent to testing human volunteers beyond 17.5 mph (28,2 kph).
With appropriate instruction of the volunteer as to how to tense his
muscles prior to impact, how to lean into the shoulder restraint and how
to brace himself, this can be and has been minimized in the tests at
Philadelphia. In spite of these measures you will feel some neck and
shoulder discomfort beyond 15 - 17.5 mph (24.2 - 28,2 kph),

A physician will be in constant attendance at these tests. He will
have resuscitative equipment on hand to include a portable resuscitator
with oxygen, tourniquets, splints and those other tools needed should
serious injury occur. In addition a litter and ambulance are immediately
available for transporting an injured volunteer to the nearest hospital
(7 minutes from SwRI) should this be needed.

After each test you participate in, you will be interviewed by the
team physician as to your reactions to the test and will be examined by
him, to be sure your clinical condition remains normal. In addition you
will have an opportunity to view the films of one of the rides so that you
can see the response of that subject to the impact. This will enable you
to be better prepared for your next ride should you decide to continue in
the program.

You will be permitted to withdraw from his program at any time
you decide to do so without prejudice,



L,

residing at

~ .
~

hercby acknowledge and certify to the following:

1. That [ hereby volunteer and consent to participate as a human
test subject in an experiment designed to evaluate the effcctiveness of a
driver "Inflataband' seat belt restraint system by riding 1n a test "buck"
on the SwRI Crash Impact Facility Sled at a sumulated barrier crash
1mpact speed no‘t‘tb exceed a 30 mph (48. 3 kph) velocity change,

2, That I have been given, in my opimion, an adequate explanation
of the nature, duration and purpose of the experiment, the means by
which the experiment will be conducted and any possible inconveniences,
hazards, discomforts, risks, and adverse effects on my health which could
result from my participation therein;

3. That I understand my questions concermng procedures which
affect me will be answered fully and promptly;

4, That I understand that [ have the right to withdraw my consent
and to discontinue participation in this experiment at any time without
prejudice regardless of the status of the experiment and regardless of
the effect of such withdrawal on the objectives and results which the
cxperiment 1s designed to achieve; and I also understand that my participa-
fion 1n the experiment may be terminated at any time by the investigator
in charge of the project or the physician supervising the project regardless
of my wishes in the matter;

5. That 1 hereby understand and agree that I will be subjected
to an interval type of physical examunation and will inform the physician
supervising the experiment, or the investigator in charge, of any change
in my medical history, which information will include any medications I
have taken and any medical or dental care or treatment I have received
since my last physical examination performed at SwRI. I will also inform
the physician of any changes i1n health and/or medical condition which may
occur during the time [ am a participant i1n these tests;

6. That [ attained the age of years on my last birthday
which was , and that [ am executing this Volunteer's
Informed Consent as my free act and deed.

Executed this day of , 1975.

IIxecuted 1n my presence and
1 1l prescnce of each other

Signature of volunteer

George C. Lawrason
Director, Automotive Research

Division H. Haskell Ziperman, M,D,

Directar Denartmeant Af Rinan van

naw e~
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Mathematical Expressions Utilized

The digital computer program caiculated the following quantities
from the digitized data:

Sled Velocity Change

Resultant Head Acceleration

Resultant Chest Acceleration

Head Severity Index

Chest Severity Index

Head Injury Criterion

Resultant Toepan Load and Correction
Head Angular Velocity and Acceleration

Q0 Ul bW N e

The relationships used to compute the above quantities are listed below:
Item 1: Sled Velocity Change

ts
av = 5 ag dt
t

o
where
a & sled longitudinal acceleration, f‘c/sec2
t, £ time zero or event initiation, sec
te 2 event termination, sec
or
ty & t, t at

where

At 4 arbitrary time interval (nominally 250 msec)

Items 2 and 3: External Head or Chest Resultant Acceleration
(Magnitude)

a = lay)? + (a))? + (a,)%



where

8
e

acceleration in the x direction as measured by the
accelerometer at its point of attachment, g's

I\
«
1>

4 acceleration in the y direction as measured by the
accelerometer at its point of attachment, g's

a, ¢ acceleration in the z direction as measured by the

accelerometer at its point of attachment, g's

Items 4 and 5: Head or Chest Severity Index

t

f
t

o
where
a 4 external resultant acceleration for the head or chest, g's

t, 2 event initiation, sec

tf 4 event termination, sec

Item 6: Head Injury Criterion

ts 2.5
f a dt
Y
HIC =¢t> - ¢ _
where

a & external resultant head acceleration, g's

ty, t; _ any two points in time during the test event such
that t; > t;, and HIC is the maximum value.

Item 7: Resultant Toepan Load and Correction

F= (F + (F)?



where

y
o

4 corrected load appied in the x direction as measured
by left or right load cell, 1bf

FY 4 corrected load appied in the y direction as measured
by left or right load cell, 1bf

Correction term:

The correction term for the left and right ''y'"' component s
given by the expression

FY =k ag
where

ky £ 10.82 1bf/g (constant due to plate angular orientation and
{mass)

a sled acceleration, g's

S

">

The correction term for the left and right '"x'"' component 1s given
by the expression

Fx = k2 a.s
where

k, 4 6,25 1bf/g (constant due to plate angular orientation
and mass)

(1=

sled acceleration, g's

Item 8: Head Angular Velocity and Acceleration,

As originally conceived, the accelerations measured with
the head pack cluster could be used to compute head angular
velocity and acceleration, These values, with an estimate of
spatial location of the accelercmeters with respect to the head
center of gravity, would then be used to correct the head
resultant acceleration as measured externally to the resultant
acceleration of the head center of gravity. The equations
utilized are presented as follows:



- 22y " 21y
WZ = = - Wny
a -a
v T ww - _2% lz
vy z x
a -a
< _ %3y ly
W T WWw, >
where
\;zj = angular acceleration,about j axis, sec'2
Wj = angular velocity, about j axis, sec!
a. = component (j) of acceleration measured at the
J indicated location (i), ft-sec-2

x,2z = separation distance along the appropriate axis
between indicated accelerometer locations, ft.

Since the determination of the angular components requires the
solution of three simultaneous differential equations for which

an exact solution does not exist, numerical methods were utilized,
Because of the sensitivity of the technique to the accuracy of the
measured data, the results were not utilized to correct the external
head resultant acceleration, Error analysis has indicated that

in order to obtain reliable angular acceleration results, the
accuracy of the measured data must be approximately 0. 1% of

the peak linear acceleration,
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Production Test Analog Signal Summaries

The time scale for the analog summaries presented is 100 msec
per davision during the event. The initiation of the event is indicated by
the step change on the Time Zero Channel.
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